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COMPOUNPS 

* 

The present invention relates to certain heterocyclic compounds, processes and 
intermediates used in their preparation, pharmaceutical compositions containing them and 
S their use in therapy, 

Chemokines play an important rote in immune and inflammatory responses in 
various diseases and disorders, including asthma and allergic diseases, as well as autoimmune 
pathologies such as rheumatoid arthritis and atherosclerosis. These small secreted molecules 
are a 1 growing superfamily of 8-14 kDa proteins characterised by a conserved cysteine motif. 
10 At The present time* the chemokine superfamily comprises three groups exhibiting 

characteristic structural motifs, the C-X-C, C-C and C-X 3 ~C families. The C-X-C and C-C 

< 

families have sequence similarity and are distinguished from one another on the basis of a 
single amino acid insertion between the NH-proximal pair of cysteine residues. The C-X3-C 
family is distinguished from the other two families on the basis of having a triple amino acid 
15 insertion between the NH-proximal pair of cysteine residues. 

The C-X-C chemokines include several potent chemoattractants and activators of 
neutrophils such as interieukin-8 (EL-8) and neutrophil-activating peptide 2 (NAP-2). 
. . The C-C cheirtoMnes include potent chemoattractants of monocytes and 

■ ■ * • ■ * * * 

lymphocytes but riot neutrophils. Examples include human monocyte chemotactic proteins J- . 
20 3 (MCP-1 ? MCP-2 and MCP-3), RANTES (Regulated on Activation, Noimal T Expressed 
and Secreted), eotaxin and the macrophage inflammatory proteins la and 1|3 (MJOP-lOc and 

■ 

] The C-X 3 -C chemokine (also known as fxactalkine) is a potent chemoattractant and 
activator of microglia in the central nervous system (CNS) as well as of monocytes, T cells, 
25 NK ! bells and mast cells. 

j Studies have demonstrated that the actions of the chemokines are mediated by 

» 

subfamilies of Q protein-coupled receptors, among which are the receptors designated CCR1, 
CCR2, CCR2A, CCR2B, CCR3, CCR4, CCR5, CCR6, CGR7, CCR8, CCR9, CCR10 and 
CCR11 (for the C-C family); CXCR1, CXCR2, CXCR3, CXCR4 and CXCR5 (forth© C-X-C 
30 family) and CX3CRI for the C-X3-C family. These receptors represent good targets for drug 
development since agents which modulate these receptors would be useful in the treatment of 

■ 

disorders and diseases such as those mentioned above. 
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The present invention provides compounds of formula (1), a phannaceuticalJy 
acceptable salt, solvate or in vivo hydrolysable ester thereof: 



NR 2 R S 



H 



(l) 



5 



wherein Y is selected from a bond, -S-, -O-, -NR 5 -, -CF 2 -CH 2 - 
or heteroaryl. 



wherein R 1 is a group selected from C^carbocyclyl, Chalky!, C M aIl«myl and Q^lkynyl; 
wherein the group is optionally substituted by 1, 2 or 3 substinients independently selected 
10 from fluoro, nitrile, -OR 4 , -NRV, -CONR 5 R fi . -COOR 7 , -NR 8 COR 9 , -SR ,0 f -SOjR 10 , 

-S02NR 5 R 6 , -i^S<hR 9 , phenyl or heteroaryl; wherein phenyl and heteroaryl are optionally 
substituted by 1, 2 or 3 substitnente independently selected from halo, cyano, nitro -OR* - 
NR^', -CONR'R*. -COOR 7 , -NR^CR 9 , -SR">, SO*." vSO.NR^. -NR^O* 9 . ' 
Ci- 0 alkyl and triflupromeftyl; 



15 wherein R is C«caibocycIyl. optionally substituted by 1,2 or 3 substituents independently 
selected from; 

(a) ! fluoro, -OR*, -NR^ -CONR^ 6 , -COOR 7 , -NR 8 COR 9 , -SR 10 , -S0 2 R'° -SOjNR^R 0 
-NR 8 S0 2 R 9 ; ' 

(b) a 3-8 membered ring optionally containing 1, 2 or 3 atoms selected from O, S, -NR 8 
20 and whereby the ring is optionally substituted by C,_ 3 alkyl or fluoro; or 

(c) ■ phenyl or heteroaryl. each of which is optionally substituted by 1, 2 or 3 substituents 
independently selected from halo, cyano, mtro, -OR 4 , -NR 5 !* 6 , -CONR^ 6 , -NR 8 COR 9 , - 

SOzNR s R 6 , -NR e S02R 9 , C, . 6 alkyl and trifluoromethyl; 

or R 2 is a group selected from C,- g aIkyl, C 2 ^alkenyl or C^alfcynyl wherein the group is 
!5 substituted by 1, 2 or 3 substituents independently selected from hydroxy, amino, Crflkoxy, 
C^alkylamino. di(C^ a Ucyl)anun 0 ,.^C 1< aIkyl)-iV-< P henyl)ammo, tf-C^ylcarbamoy],' 
WdiCC^alkyl^aroamoy^^ carboxy, phenoxycarbonyl, 

-NR COR 9 , -S0 2 R 10 , -SOaNR^ 6 and -NR 8 SOjR 9 ; 



• ■ ) 
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wherein R 3 is hydrogen or independently R 2 ; 

R 4 is, hydrogen or a group selected from C|.6alky! sad phenyl, wherein the group is optionally 
substituted by 1 or 2 substituents independently selected from halo, phenyl* -OR 11 and - 
5 NR ,3 R U ; . 

R* aiid R 6 ate independently hydrogen or a group selected from Ci^alkyl and phenyl wherein 

the group is optionally substituted by 1, 2 or 3 substituents independently selected from halo, 

phenyl, ~OR 14 ,-NR ls R 16 , -COOR 14 , -CONR ,5 R 16 f .NR ls COR l * -SO2R 10 , -SONR l5 R 16 and 

NR^SOzR 16 
10 or 

R 5 and R 6 together with the nitrogen atom to which they are attached form a 4- to 
7-membered saturated heterocyclic ring system optionally containing a further heteroatom 
selected from oxygen and nitrogen atom?, which ring is optionally substituted by 1, 2 or 3 
subsfrtuents independently selected from phenyl, -OR 14 , -COOR 14 , -NR l5 R 16 , -CONR l5 R 16 , 

15 -NR^COR 1 *, -SO2R 10 , -SONR^R 1 *, NR t5 SOiR 16 or Cr<?alkyl (optionally substituted by 1 or 
2 substituents independently selected from halo, -NR 15 R 16 and -OR 17 groups); 
R 10 is hydrogen or a group selected from Ci-ealkyl or phenyl, wherein the group is optionally , 
substituted by 1 , 2 or 3. substituents independently selected from halo, phenyl, -OR 17 and - 
I>JR l5 R )0 ; and each of R 7 a r\ R*, R 1 Vr u . R 13 , -R?-** 15 , R 16 , R 17 is independently hydrogen, 

20 Cj^alkyl or phenyl; 

R* is trifluoromethyl. -NR 5 R 6 , phenyl napthyl, monocyclic or bicyclic heteroaryl wherein a 
heterorhfcg may be partially or fully saturated and one or more ring carbon atoms may fonn a 
carbfonyl group, and wherein each phenyl or heteroaryl group is optionally substituted by 1, 2 
or 3! substituents independently selected from halo, cyano, nitro, -OR 4 , -NR^ 6 , -CONR^ 6 , 

25 -COR 7 ' -COOR 7 , -NR 9 COR 9 , -SR 10 , -SO2R 10 , -SO*NR 5 R*, -NR'SQzR*. C^alkyl or 
trifluorometbyl;; 

or li* is a group selected from C^carbocyclyl, Ci-gallcyl, C2^alkenyl and C^alkynyl whereby 
the group is optionally substituted by 1, 2 or 3 substituents independently selected from halo, 
-OB* -NR S R*, -CONR 5 R* f -COR 7 ,-COOR 7 -NR 8 COR* -SR 10 , -SOsR 10 , -SOaNRV, 
30 -NR S S02R 9 , phenyl or heteroaryl; and wherein each phenyl or heteroaryl group i$ optionally 
substituted by l r 2 or 3 substituents independently selected from halo, cyano, nitro, -OR 4 , - 
NR^-CONR^ 6 , -COR 7 - -COOR 7 , ~NR 8 COR* -SR 10 , -SOaR 10 , -SO^NR^ 6 , 
-NEL 3 S0 2 R 9 t C^alkyl or triflwromethyl. 

■ 



1 



1 
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In particular Y is a bond; Y is -Ss Yis-O-; Yis-NR 5 ; Yis-OVCHa-; Yis - 
CF2GF2-) Y is -CONR 5 -; Y is phenyl; or Y is heteroaryl. 

Certain compounds of formula (1) are capable of existing in stereoisomer* forms 
It will be understood that the invention encompasses all geometric and optical isomers of the 
5 compounds of formula (1) and mixtures thereof including r&cemales. 

The synthesis of optically active forms may be carried out by standard techniques 
of organic chemistry well known in the art, for example by synthesis from optically active 
starting materials or by resolution of a rucemie form. Similarly, the above-mentioned activity 
i&ay to evaluated using the standard laboratory techniques referred to hereinafter. 
10 . Within the present invention it is to be understood that a compound of formula (1) 
or a salt, solvate or in vivo hydrolysable ester thereof may exhibit the phenomenon of 
tautomcrism and that the formulae drawings within this specification can represent only one 
of the possible tautomeric forms. It is to be understood that the invention encompasses any 
tautomeric form and mixtures thereof and is not to be limited merely to any one tautomeric 
15 form utilised within the formulae drawings. Tnc formulae drawings within this specification 
can represent only one of the possible tautomeric forms and it is to be understood that the 
specification encompasses all possible tautomeric forms of the compounds drawn not just 
those forms which it has been possible to show graphically herein. . 

It is also to be understood mat'eertain compounds of formula (1) and salts thereof 
20 can exist in solvated as well as unsolvated forms such as, for example, hydrated forms. It is to 
be understood that the invention encompasses all such solvated forms 

The present invention relates to the compounds of formula (1) as hereinbefore 
defined as well as to the salts thereof. Salts for use in pharmaceutical compositions will be 
pbannaceutically acceptable salts, but other salts may be useful in the production of the 
25 coinpoundsofft^ulaaWt^^^ Pharmaceutically 
acceptable salts of the invention may, for example, include acid addition salts of the 
compounds of formula (1) as hereinbefore defined which are sufficiently basic to form such 
salts. Such acid addition salts include for example salts with inorganic or organic acids 
^fording pharmaceutically acceptable anions such as with hydrogen halides (especially 
30 hydrochloric or h ydrobromic acid -of which hydrocWoric acid is particularly preferred) or with 
sulphuric or phosphoric acid, or with trifluoroacetic, citric or maleic acid. Suitable salts 
include hydrochlorides, hydrobromides, phosphates, sulphates, hydrogen sulphates, 
alkylsulphonates, ruylsuiphonates, acetates, benzoates, citrates, mateates, fumarates, 



I 



I 
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succinates, lactates, tartrates, oxalates, mewanesulphonates orp-toluenesulphonates. 
Pharmaceutical acceptable salts of the invention may also include basic addition salts of the 
compounds of formula (1) as hereinbefore defined which are sufficiently acidic to form such 
salts- Such salts may be formed with an inorganic or organic base which affords a 
5 pharmaceutical^ acceptable cation. Such salts with inorganic or organic bases include for 
example an alkali metal salt, such as a lithium, sodium or potassium salt, an alkaline earth 
metal salt such as a calcium or magnesium salt, an ammonium salt or an organic amine salt, 
for example a salt with methylamine, dimethylamine, trimethylamine, triefhylamine, 
pipefidine, morpholine ortris-^hy^oxyefty^amine. Otherbasic addition salts include 
10 aluirinium, zinc, benzathine, chloroprocaine, choline, diethanolamine, ettamolamine, 
ethyldiamme, meglumine, tromethamine Or procaine. 

j The present invention further relates to an in vivo hydrolysablc ester of a 
compound of formula (1). An in vivo hydrolysable ester of a compound of formula (1) which 
contains carboxy or hydroxy group is, for example a pharmaceutical^ acceptable ester which 
15 is clkvedin the human or animal body to produce the parent acid or alcohol. Such esters can 
be identified by administering, for example, intravenously to a test animal, the compound 
under test and subsequently examining the test animal's body fluid. 

Suitable pharmaceutical^ acceptable esters for carboxy include C^alkoxymethyl 
estetor example methoxymethyl, C,. 6 alkanoyloxymethyl esters for example 
20 pivailoyloxymethyl, phthalidyl esters, C 3 . B cycloalkoxycarbonyloxyC^alkyl esters for example 
1-cyclobexyicarbonyloxyethyl; l,3-dioxolen-2-onylmethyl esters for example 
5-mpthyl-1.3-dioxo)Bn-2-onylmethyl; and C,. fi alkoxycarbonyloxyethyl esters for example 
1-mbthoxycarbonyloxyethyl and may be formed at any carboxy group in the compounds of 
thi6 "invention. 

25 I' Suitable phaimaceutically-acceptable esters for hydroxy include inorganic esters 
such as phosphate esters (including phosphoramidic cyclic esters) and o>acyloxyalkyl ethers 
and 'related compounds which as a result of the in vivo hydrolysis of the ester breakdown to 
give the parent hydroxy group/s. Examples of cc-acyloxyalkyl ethers include acetoxymethoxy 
andiz^dimethylpropionyloxymethoxy. A selection of in-vivo hydrolysable ester forming 

30 groups fox hydroxy include C,- l0 alkanoyl, for example acetyl; benzoyl; phenylacetyl; 

substituted benzoyl and phenylacetyl, CiMoalkoxycarbonyl (to give alkyi carbonate esters), foj 
example ethoxycarbonyl; di-Cd^olkylcarbamoyl andN-Cdi-CCx-^alkylaminoethyl)-^- 
CCj-4)alkylcarbamoyl (to give carbamates); di-(C,-4)alkylamiooacetyl and carboxy acetyl. 



I 
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Exaihples of ring substituents on phenylacetyl and benzoyl include aininomethyl, (Q. 
4)alkyiaminomethy] and di-CCd-^alkyOarainomethyl, and morpholino or piperazino linked 
from* a ring nitrogen atom via a methylene linking group to the 3- or 4- position of the benzoyl 
ring. 1 Other interesting in-vivo hyrolysable esters include, for example, R A C(0)0(Ci^)aIkyl- 
5 CO-, wherein R A is for example, berizyloxyKC^alkyJ, or phenyl). Suitable substituents on a 
phenyl group in such esters include, for example, 4-(Cj- 4 )p5perazino-(Ci-4)aIkyl, piperazino- 
(Ci- 4 )alkyl and morphoIino-(Ci-c)alkyl. 

In this specification the term "alky!" includes both straight-chain and branched- 
chain alkyl groups. However references to individual alkyl groups such as "propyl" are 
10 specific for the straight chain version only and references to individual branched-cbain alkyl 
groups such as *-butyl are specific for the branched chain version only. For example, 
"C,.|alkyl" includes methyl, ethyl, propyl and isopropyl and examples of "d-galkyl" include 
the examples of "Cualkyrand additionally t-butyl, pentyl, 2,3-dimethylpropyl, 3- 
methylbutyl and hexyl. Examples of "Cgalkyl" include the examples of "C-salkyl" and 
IS additionally heptyl, 2,3-dimethylpentyJ, 1-propylbutyl and octyl. An analogous convention 
applies to other terms, for example "Q^alkenyl" includes vinyl, allyl, 1-propenyl , 2-butenyI, 
3-butenyl, 3-methyIbut-l-cnyl, 1-pentenyl and 4-hexenyl and examples of "Qnsalkynyl" 
includes ethynyl, 1-propynyl, 3-butynyl, 2-pemynyl and i-methyIpent-2-ynyl. 

"Ca-Tcarbocyclyr' is a saturated, partially saturated .or unsaturated, monocyclic ring 
20 containing 3 to 7 carbon ring atoms wherein a -CH 2 - group can optionally be replaced by a 
-C(0>. Suitable examples of "carbocvclyl" are cyclopropyl, cycloperayl, cyclobutyl, 
cyclbhexyl. cyclohexenyj. 4-oxocyclohex-l-yl and3-oxocyclohept-5-en-l-yl. 
The term "halo" refers to fluoro, chloro, bromo and iodo. 
Examples of "C^alkoxy" include methoxy, ethoxy, propoxy, isopropoxy, 
25 butyloxy, pentyloxy, 1-ethylpiopoxy and hexyloxy. Examples of "Ci^jalkylamino" include 
methylamino, ethylamino, propylamino, butylamino and 2-methylpropylmino. Examples of 
"di(Ci^alkyl)aniino" include dimethylamino, iy-methyl-A^-Bthylamino, diethylamino, N- 
propyl-iV-3-methylbutylamino. Examples of 'W-{C,^alkyl)-AKpheny]>amino" include N- 
metbyl-iV-phenylamino, ^-propyl-iV-phenylamino and iV^(2-methyIbutryl)-Ar-phenylamino. 
30 Examples of 'W-CCi^alkyDcarbamoyl" are AT-methylcarbamoyl, JV-emylcarbamoyl and N-(2- 
etbylbutylcarbamoyl. Examples of 'W-(C,. 6 aIkyl^-(phenyl)carbamoyr include W-methyl-i^- 
phenylcarbamoyl, iV-butyt-AT-phenylcarbamoyl and^-CS-methylpentyD-W-CphfinyiJcarbamoyl. 
Examples of "#,M<aXC|^sallcyl)carbamoyr include W-dimemylcai*amoyl. iV-methvJ-JV- 
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ethyicarbarttoyl andJV-propyl-lV-(2-methylbutyl)carbamoyl. Examples of "Ci^alkylth'to" 
include methylfluo, ethylthio, propylthio, butylthio and 2-methyIbutylthio. 

"Heteroaryl" is a monocyclic or bicyclic atyl ring containing 5 to 10 ring atoms of 
whiqh 1, 2 r 3 or 4 ring atoms are chosen from nitrogen, sulphur or oxygen. Examples of 
5 hete$oary! include pyirolyl, furanyl, thienyl, ttaazolyl, isothiazolyl, oxazolyl, isoxazolyl, 
imidsazolyl, pyrazolyl, triazolyl, tefcrazolyl, pyridyl, pyrimidinyl, pyrazinyl, pyridazinyl, 

triazinyl, benzfuranyl, benzthieno, indolyl, benzLmidazolyl, benzoxazoly], benzthiazolyl. 

» 

indazolyl, benzisoxazolyl, ben2isotbiazolyl, benitriazolyl, quinolinyl, isoquinolinyl and 
napKthitidrayL Conveniently heteroaryl is selected from jmidazolyl, pyraOTlyl, fhiazolyl, 

10 isoxazolyl, furanyl, thienyl, isoxazolyl, or indazolyL 

Examples of "a 3-8 merabered ring optionally containing 1 % 2 or 3 atoms selected 
from O, S and NR 8 " include oxetanyl, azetidinyl, beozodiazolyl, pyirolidinyl, 
cetrahydnrfuranyl, tetxahytiiothiophenyl, tetrahydropyranyl, piperidinyl, piperazinyl, 
xnorpholinyl, homopiperidhiyl and homopiperasinyl.tetrahydrodioxanyL, such as oxetanyl, 

15 azetidinyl, pyirolidinyl, tetrahydrofuxunyl, tetrahydropyranyl, piperidinyl, pjperazinyl, 
morpholinyl, homopiperidinyl and homopiperazinyi, further such as pyrrolidinyl, 
tetralhydropyridinyl, piperidinyl, piperazinyl, and moiphoIinyL 

Examples of "a 4- to 7-membered saturated heterocyclic ring system" include 
azetjdinyl, pynrolidinyl, piperidinyl, piperazinyl, homopiperazinyl and morpholinyl. 

20 Where optional substituents arc chosen from "1, 2 or 3" groups it is to be 

understood that this definition includes all substituents being chosen from one of the specified 
groups or the substituents being chosen from two or more of the specified groups. An 
analpgous convention applies to substituents chosen from "1 or 2" groups. 
Particular compounds of the invention include Ar-[4-[[(2 T 3-difluorophenyl)metbyl]tbio]-6- 

2S [[(l|?)-2-hydroxy- 1 -methyJethyl] amino)- 1 azin-2-yl]-methane$ulfonamide; 
A4f-(C(2.3^fluorophenyl)meA 

tria^-2-ylJ-l-azendinesulfonHtnide and pharmaceutical^ acceptable salts, solvates or in v/vo 
hydjolysable esters thereof. 

Each of the above mentioned compounds and the phannaceutically acceptable salt, 
30 solvate or in vivo hydroiysabJe ester thereof, individually is a particular aspect of the 
invention. 




i 
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: The present invention further provides a process for the preparation of compounds 
of formula (1) as defined above which comprises: 
(a) treating a compound of formula (2): 

NR 2 R3 

: A- 

■ 

5 ; (2) 

i 

whejfein Y, R 1 , R* and R 3 are as defined in formula (1) with sulfonamides (R'SOaNHa) where 
R* te as defined in formula (1). 

and optionally thereafter (i), (ii), (iii), (iv^ or (v) in any order: 
1 0 i) removing any protecting groups; 

ii) converting the compound of formula (1) into a further compound of formula (1) 

iii) forming a salt 

i 

iv) forming a prodrug 

i 

v) forming an in vivo hydrolysable ester. 

15 . Reaction of compounds of formula C2) wherein Y, R 1 , R 2 and R 9 arc as defined in 
• fomiula (1) with sulfonamides (R'SC^NH^ can he carried out in the presence of a suitable : 
base, solvent and catalyst. Examples of suitable bases include metal carbonates such as those 
from ceasium, potassium, lithium ox sodium. Most preferably Ceasium carbonate is used. 
Suitable solvents include ethers such as tetrahydrofuran, 1,4-dioxane, glyme and diglyme. 

20 Preferably 1,4-dioxane iB used. The temperature of the reaction can be performed between 
10 C and 120°C, preferably at 10O°C Examples of suitable catalysts include a suitable 
pall£dium(0) source such as palladium tris(dibeozylideneacetone)dipalladium(0) (Pd^dba)^), 
or t^trakistriphenylphosphine (Pd(Ph 3 ) 4 ) (either in 0.01-0.5 mol equivalents) in the presence 
of aj suitable hgand such as (9,9-chmemyl-9/r-xanthene^,5.diyl)bis[diphenyl-phosphine 

25 (Xaptphos), or 2Khcyclohexy]-^ospMno-2*-(N,N-dimemylamino)bipheny] (either in 0.01-0.5 
mol- equivalents). Preferably the catalyst combination is 

tris(dibenzylideneacetone)dipalladium(0) CPd 2 Cdba) 3 ) with 4,5-bis(diphenylphosphino)-9,9- 
mmbthybcanthene (Xantphos) in 0.01 -OJ mol equivalents in 1,4-dioxane at 100 C C with 
ceasium carbonate as the base. 
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Compounds of formula (2) wherein Y, R 1 , R 2 and R 3 are as defined in formula (1), 
can be prepared from compounds of formula (3) wherein R 1 are as defined in formula (1) and 
L is halogen by treatment with nucleophilic amines NR*R 3 as defined in formula (1) in the 

presence of a suitable base and solvent. 

i. 

, ; AV 1 

, 0) 

I Examples of suitable bases include trialkylamines, such as triethylamine or N t N- 
dii$opropylethylanrine. Suitable solvents include ethers such as tetrahydrofuran, 1,4-dioxane, 

glyme tod diglyme. The temperature of the reaction can be performed between 0°C and 

■ 

10 50°C. Preferably tetrahydrofuran is used at ambient temperature. 

Compounds Of formula (3) wherein Y is -S- and R 1 is as defined in formula (1) and L 
is halogen may be prepared by treating cyanuric chloride with a thiol of formula R l SH 
Whe|tem R l is defined as in formula (1) in presence of a suitable base and solvent.. Suitable 
solvent include ethers such as tetrahydrofuran, 1,4-dioxane, glyme and diglyme. Suitable 

15 basejs include trialkylamines, such as triethylamine or iV,JVn3iisopropylethylamine. Preferably 
AT f MdiisopropyiethyIamine is used as a base and tetrahydrofuran as the solvent is used at 

♦ 

ambient temperature. 

Compounds of formula (3) wherein Y is a bond and R l is as defined in formula (1) and L is 
halcjgen may be prepared by treating cyanuric chloride with a suitable Grignard reagent for 
20 example of fonntf Ja R l (CH2) n MgL wherein Lis a halogen and R 1 is defined as in formula (1) 
in presence of a suitable solvent such tetrahydrofuran or 1,4-dioxane* Preferably 

tetrahydrofuran at ambient temperature is used 

i 

j It wilJ be appreciated by those skilled in the art that in the processes of the present 
invention certain functional groups such as hydroxyl or amino groups in the starting reagents 
25 or intermediate compounds may need to be protected by protecting groups. Thus, the 
preparation of the compounds of formula (1) may involve, at an appropriate stage, the 
removal of one or more protecting groups. The protection and deprotection of functional 
groups is fully described m 'Protective Groups in Organic Chemistry 7 , edited by J. W. F. 
McOmie, Plenum Press (1973), and 'Protective Groups in Organic Synthesis', 2nd edition, T. 
30 W. .fcfceene 8c P. G. M, Wuts, WileyH&iterseience (1991). 
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A compound of formula (1) may be prepared from another compound of formula 
(1) b|y chemical modification. Examples of chemical modifications include standard 

t 

alkylation, arylation, heteroarylation, acylation, sulphonylation, phosphorylation, aromatic 
halogenation and coupling reactions. These reactions may be used to add new substituents or 
5 to mpdif y existing substituents. Alternatively, existing substiruents in compounds of foimula 
(1) raay be modified by, for example, oxidation, reduction, elimination, hydrolysis or other 
cleavage reactions to yield other compounds of formula (1). 

Novel intemiediate compounds form a further aspect of the invention. 
I The compounds of formula (1) above may be converted to a pharmaceutical ly 

or in vivo hydrolysable ester thereof, as discussed above. The salt is 
preferably a basic addition salt 

The compounds of formula (1) have activity as pharmaceuticals, in particular as 
modulators of chemokine receptor activity, such as for example CCR1, CCR2, CCR2A, 
CCR2B, CCR3, CCR4, CCR5, CCR6. OCR7, CCR8, CCR9, CCR10 and CCR11 (for the C-C 
1 5 family); CXCR1 , CXCR2, CXCR3, CXCR4 and CXCR5 (for the C-X-C family) and 

CX3CRI for the C-Xa-C family; and especially as modulators of CXCR2 activity. Use of the 
compounds as modulators of each above mentioned receptor represents a separate and 
independent aspect of the invention. 

I The compounds of formula ( 1 ) may be used in the treatment (therapeutic or 
20 prophylactic) of conditions/diseases in human and non-human animals which are exacerbated 
or caused by excessive or unregulated production of chemoldnes. Examples of such 
conditions/diseases include (each taken independently): 

( 1) the respiratory tract - obstructive airways diseases including chronic obstructive 
I pulmonary disease (COPD); asthma, such as bronchial, allergic, intrinsic, 
25 extrinsic and dust asthma, particularly chronic or inveterate asthma (e.g. late 

asthma and airways hyper-responsiveness); bronchitis; acute, allergic, atrophic 
I rhinitis and chronic rhinitis including rhinitis caseosa, hypertrophic rhinitis, 

j rhinitis purulcnta, rhinitis sicca and rhinitis medicamentosa; membranous rhinitis 

• including croupous, fibrinous and pseudomembranous rhinitis and scrofoulous 

30 : rhinitis; seasonal rhinitis including rhinids nervosa (hay fever) and vasomotor 

t 

rhinitis; sarcoidosis, farmer's lung and related diseases, fibroid lung and 
idiopathic interstitial pneumonia; 
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(2) bone and joints - rheumatoid arthritis, seronegative spondyloarthropathies 
(including ankylosing spondylitis, psoriatic arthritis and Reiter's disease), 
Behchet's disease, Sjogren's syndrome and systemic sclerosis; 

(3) skin - psoriasis, atopical dermatitis, contact dermatitis and other eczmatous 
dermitides, seborrhoctic dermatitis, Lichen planus. Pemphigus, bullous 
Pemphigus, Epidermolysis bullosa, urticaria, angiodermas, vasculitides, 
erythemas, cutaneous eosinophilias, uveitis. Alopecia areata and vernal 
conjunctivitis; 

(4) gastrointestinal tract - Coeliac disease, proctitis, eosinopilic gastroenteritis, 
mastocytosis, Crohn's disease, ulcerative colitis, indeterminate colitis, 
microscopic colitis, inflammatory bowel disease, irritable bowel syndrome, non- 
inflammatory diarrhea, food-related allergies which have effects remote from the 
gut, e.g., migraine, rhinitis and eczema; 

(5) central and peripheral nervous system - Neurodegenerative diseases and 
dementia disorders, e.g. Alzheimer's disease, amyotrophic lateral sclerosis and 
other motor neuron diseases, Creutzfeldt-Jacob's disease and other prion diseases, 
HIV encephalopathy (AIDS dementia complex), Huntington's disease, 
frontotemporal dementia, Lewy body dementia and vascular dementia; 
polyneuropathies, e.g. Guillain-Barrd syndrome, chronic inflammatory 
demyelinating polyradiculoneuropathy, multifocal motor neuropathy, 
ple*opathies; CNS demyelination, e.g. multiple sclerosis, acute 
dissoirmiated/haemormagic encephalomyelitis, and subacute sclerosing 
panencephalitis; neuromuscular disorders, e.g. myasthenia gravis and Lambert- 
Eaton syndrome; spinal diorders, e.g. tropical spastic paraparesis, and Stiff-man 
syndrome: paraneoplastic syndromes, e.g. cerebellar degeneration and 
encephalomyelitis; CNS trauma; migraine; and stroke. 

(6) other tissues and systemic disease - atherosclerosis, Acquired 
Immunodeficiency Syndrome (AIDS), lupus erythematosus, systemic lupus, 
erythematosus, Hashimoto's thyroiditis, type I diabetes, nephrotic syndrome, 
eosinophilia fascitis, hyper IgE syndrome, lepromatous leprosy, and idiopathic 
thrombocytopenia pupura; post-operative adhesions, and sepsis. 
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' (7) allograft rejection - acute and chronic following, for example, transplantation of 
kidney, heart, liver, lung, bone marrow, skin and cornea; and chronic graft versus 
host disease; 

: (8) cancers - especially non-small cell lung cancer (NSCLC), malignant melanoma, 
S • prostate cancer and squamous sarcoma* and tumour metastasis, non melanoma 

skin cancer and chemoprevention metastases; 
» (9) diseases - in which angiogenesis is associated with raised CXCR2 cheanokirte 
levels (e. g, NSCLC, diabetic retinopathy); 
(10) cystic fibrosis; 
10 (1 1) burn wounds & chronic skin ulcers; 

(12) reproductive diseases - for example disorders of ovulation, menstruation and 
, implantation, pre-term labour, endometriosis; 

(13) re-perfusion Ixtfury - in the heart, brain, peripheral limbs and other organs, 

1 inhibition of atherosclerosis. 

■ 

15 i Thus, the present invention provides a compound of formula (1), or a 
phaijmaceiitically-acceptable salt, solvate or an in vivo hydrolysable ester thereof, as 
hereinbefore defined for use in therapy. 

Preferably the compounds of the invention are used to treat diseases in which the 
• k chemokine receptor belongs to the CXCchemokine receptor subfamily, more preferably the 

20 target chemokine receptor is the CXCR2 receptor. 

Particular conditions which can be treated with the compounds of the invention are 
cancer, diseases in which angiogenesis is associated with raised CXCR2 chemokine levels, 
and "inflammatory diseases such as asthma, allergic rhinitis, COPD, rheumatoid arthritis, 
psoriasis, inflammatory bowel diseases, osteoarthritis or osteoporosis. 

25 As a further aspect- of the present invention, certain compounds of formula (1) may 

have utility as antagonists of the CX3CR1 receptor. Such compounds are expected to be 
particularly useful in the treatment of disorders within the central and peripheral nervous 
system and other conditions characterized by an activation of microglia and/or infiltration of 
leucocytes (e.g. stroke/ischemia and head trauma). 

30 In a further aspect, the present invention provides a compound of formula (1), or a 

■ 

pharmaceutically acceptable salt, solvate or in vivo hydrolysable ester thereof , as hereinbefore 
defined for use as a medicament. 
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! In a still further aspect, the present invention provides the use of a compound of 
fonriula (1), or a pharmaceutically acceptable salt, solvate or in vivo hydrolysable ester 
thereof, as hereinbefore defined for use as a medicament for the treatment of human diseases 
or conditions m which modulation of chemokine receptor activity is beneficial. 
5 : In a still further aspect, the present invention provides the use of a compound of 

■ 

formula (1), or a pharmaceutical ly acceptable salt, solvate or in vivo hydrolysable ester 
thereof* as hereinbefore defined for use as a medicament for the treatment of asthma, allergic 

rhinitis, cancer, COPD, rheumatoid arthritis, psoriasis, inflammatory bowel diseases* 

i 

osteoarthritis or osteoporosis. 
10 i In a further aspect, the present invention provides the use of a compound of 

formula (1), or a pharmaceutical^ acceptable salt, solvate or in vivo hydrolysable ester 

thereof, as hereinbefore defined in the manufacture of a medicament for use in therapy . 

In a still further aspect, the present invention provides the use of a compound of 

fornjiula (1), or a phannaceutically acceptable salt, solvate or in vivo hydrolysable ester 
15 therpof , as hereinbefore defined in the manufacture of a medicament for the treatment of 

huiilaii diseases or conditions in which modulation of chemokine receptor activity is 

beneficial. 

* 

\ In a still further aspect, the present invention provides the use of a compound of 
fonpula (1 ), or a pharmaceutically .acceptable salt, solvate or in vivo hydrolysable ester 
20 thereof, as hereinbefore defined in the manufacture of a medicament for the treatment of 
asthma, allergic rhinitis, cancer, COPD, rheumatoid arthritis, psoriasis, inflammatory bowel 
diseases, osteoarthritis or osteoporosis. 

In the context of the present specification, the term "therapy" also includes 
"prophylaxis" unless there are; specific indications to the contrary. The terms "therapeutic" 
23 andj "therapeutically" should be construed accordingly. 

j The invention still further provides a method of treating a chemokine mediated 

disease wherein the chemokine binds to a chemokine (especially CXCR2) receptor, which 
comprises admittistering to a patient a therapeutically effective amount of a compound of 
fonpula , or a pharmaceutically acceptable salt, solvate or in vivo hydrolysable ester, as 
30 hereinbefore defined 

The invention also provides a method of treating an inflammatory disease, 
especially asthma, allergic riuniris, COPD t rheumatoid arthritis, psoriasis, inflammatory 
bo\yel diseases, osteoarthritis or osteoporosis, in a patient suffering from, or at rislc of, said 
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disease, which comprises administering to the patient a therapeutically effective amount of a 
compound of formula (1), or a phatmaceutically acceptable salt, solvate or in vivo 
hydrblysable ester thereof, as hereinbefore defined. 

I For the above-mentioned therapeutic uses the dosage administered will, of course, 
5 varylwith the compound employed, the mode of administration, the treatment desired and the 
disorder indicated. 

■ The compounds of formula (1) and pharmaceutically acceptable salts, solvates or 
in vijvo hydrolysable esters thereof may be used on their own but will generally be 
administered in the form of a pharmaceutical composition in which formula (1) 

10 comtound/saH/solvate/ester (active ingredient) is in association with a phannaceuticaUy 
acceptable adjuvant, diluent or carrier. Depending on the mode of administration, the 
pharmaceutical composition will preferably comprise from 0.05 to 99 *w (per cent by 
weight), more preferably from 0.05 to 80 %w, still more preferably from 0. 10 to 70 %w, and 
everj more preferably from 0.10 to 50 %w, of active ingredient, all percentages by weight 

15 belnlg based on total composition. 

i The present invention also provides a pharmaceutical composition comprising a 
compound of formula (1), or a pharmaceutically acceptable Bait, solvate or in vivo 
hydrolysable ester thereof, as hereinbefore defined, in association with a pharmaceutical^ 
acceptable adjuvant, diluent or carrier. ; < . - . 
20 ' The invention further provides a process for the pre^tion of a pharmaceutical 

composition of the invention which comprises mixing a compound of formula (1). or a 
pharmaceutically acceptable salt, solvate or in vivo hydrolysable ester thereof, as hereinbefore 
defihed, with a pharmaceutically acceptable adjuvant, diluent or carrier. The pharmaceutical 
compositions may be administered topically (e.g. to the lung and/or airways or to the skin) in 
25 the form of solutions, suspensions, heptafluoroalkane aerosols and dry powder formulations; 
or s Winically, eg. by oral administration in the form of tablets, capsules, syrups, powders or 
granules, or by parenteral administration in the form of solutions or suspensions, or by 
subcutaneous administration or by rectal admimstnttion in the form of suppositories or 
tranjsdermally. Preferably the compounds of the invention are administered orally. 

In addition to their use as therapeutic medicines, the compounds of formula (1) 
andjtheir pharmaceutically acceptable salts, solvate or in vivo hydrolysable esters are also 
useful as pharmacological tools in the development and standardisation of in vitro and m vivo 
testjsystems for the evaluation of the effect of chemokine modulation activity in labatory 
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animjals such as cats, dogs, rabbits, monkeys, rats and mice, as part of the search for new 
therapeutic agents. 

i The invention further relates to combination therapies wherein a compound of 
formjula (1) or a pharmaceutical^ acceptable salts, solvate or in vivo hydrolysable ester 
5 thereof, or a pharmaceutical composition or formulation comprising a compound of formula 
(1) is administered concurrently or sequentially with therapy and/or an agent for the treatment 
of any one of asthma, allergic rhinitis, cancer, CQFD, rheumatoid arthritis, psoriasis, 
inflammatory bowel disease, irritable bowel syndrome, osteoarthritis or osteoporosis. 

In particular, for the treatment of the inflammatory diseases rheumatoid arthritis, 

10 psoriasis, inflammatory bowel disease, irritable bowel syndrome, COFD, asthma and allergic 

» 

rhinitis the compounds of the invention may be combined with agents such as TNF-oc 
inhibitors such as anti-TNF monoclonal antibodies (such as Remicade, CDP-870 and 
D,sub2.E.sub7.) and 1KF receptor immunoglobulin molecules (such as Enbml.reg.), non- 
selective COX-1 ] COX-2 inhibitors (such as piroxicam, diclofenac, propionic acids such as 
15 naproxen, flubiprofen, fenoprofen, ketoprofen and ibuprofen, fenamates such as mefenamic 
acid| indomethacin, sulindac, apazone> pyrazolones such as phenylbutazone, salicylates such 
as aspirin), COX-2 inhibitor (such as meloxicam, celecoKib, rofecoxib, valdecoxib and 
etorjeoxib) low dose methotrexate, lefunomide; ciclesonide; hydroxychloroquine, d- 
penicillamine, auranofin or parenteral or oral gold. For inflammatory bowel disease and 
20 iiritkble bowel disorder further convenient agents include sulphasalazlne and 5- AS As, topical 
fcndjSystemic steroids, immunomodulators and immunosuppressants, antibiotics, probiotics 
and anti-inte grins. 

The present invention still farther relates to the combination of a compound of the 
invention together with a leukotrienc biosynthesis inhibitor, 5-lipoxygenase (5-LO) inhibitor 
25 or ^-lipoxygenase activating protein (FLAP) antagonist such as zileuton; ABT-761 ; fenleuton; 
tepoxalin; Abbott-79175; Abbott-S5761; N-(5-substituted>thiophene'2-alkylsulfonaraides; 
2,6-di-tert-butylphenol hydrazines; raethoxytetrahydropyrans such as Zeneca ZD-2138; the 
compound SB-210661 ; pyridinyl-sobstituted 2-cyanonaphthalene compounds such as L- 
739j,0l0; 2-cyanoquinoline compounds such as L-746,530; indole and quinoline compounds 
30 such as MK-591, MK-886, and BAY x 1005. 

| The present invention still further relates to the combination of a compound of the 

invention together with a receptor antagonist for leukotrienes LTB.suM., LTC.sub4. f 
LTp.sut^., and LTB^ub4. selected from the group consisting of the phenothiazin-3-ones 
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suchj as 1^651,392; amidino compounds such as CGS-250l9c; benzoxalamines such as 
onta?olast; benz^ecarooxiinidamides such as BIEL 284/260; and compounds such as 
zafnflukast, ablukast, momelukast, pranlukast, verlukast (MK-S79), RG-12525, Ro-245913, 
iraJujka$t (CGP 4S71SA), and BAY x 7195. 
5 j The present invention still further relates to the combination of a compound of the 
Invention together with a PDE4 inhibitor including inhibitors of the isoform PDB4D. 

; Hie present invention stiU further relates to the combination of a compound of the 
invention together with a antihistamine Raubl. receptor antagonists such as cetirizine, 
lorafcdine, deslorutadine, fexofenadine astemizole, azelastine, and chlorpheniramine. 
10 j The present invention still further relates to the combination of a compound of the 
invention together with a gastroprotective H.sub2. receptor antagonist. 

j The present invention still further relates to the combination of a compound of the 
invention together with an ccsubl.- and ct-Sub2.-adrenoceptor agonist vasoconstrictor 
sympthornimetic agent, such as propylhexedrine, phenylephrine, phenylpropanolamine, 
15 pseiidoephediine, naphazoline hydrochloride. oxymetazoJine hydrochloride, tetiahydrozoline 
hydiochloride, xylometazoline hydrochloride, and ethylnorepmephrine hydrochloride. 

The present invention still further relates to the combination of a compound of the 
invention together with anticholinergic agents such as ipratropium bromide; botroplum 
bromide; oxitropium bromide; pirenzepine; and telenzepine, 

The present invention still further relates to the combination of a compound of the 
invention together with a p\subl- to P.sob4.-adrenoceptor agonists such as metaproterenol, 
isoproterenol, isoprenaline,. albuterol, salbutamol, formoterol, salmeterol, terbutaline, 
orciprenaJine, bitolterol mesylate, and pirbuterol; or methylxanthanines including 
theophylline and aminophylline; sodium cromoglycate; or muscarinic receptor (Ml, M2, and 
25 M3) antagonist. 

j ^ P resent invention still further relates to the combination of a compound of the 
invention together with an insulin-like growth factor type I (IGF-1) mimetic 

The present invention still further relates to the combination of a compound of the 
invention together with an inhaled glucocorticoid with reduced systemic side effects, such as 
30 prednisone, prednisolone, flunisolide, triamcinolone acetorride, beclomethasone djpropionate, 
budfesonide, fluticasone propionate, and mometasone furoate. 

The present Invention still further relates to the combination of a compound of the 
on together with an inhibitor of matrix metalloproteases (MMPs), i.e., the stromeJ vsins. 
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the ci>Uagena$e$, end the gelatinases, as well as aggreeanase; especially collagenase-1 (MMP- 
1), c<j)Uagenase-2 (MMF-8), colIagenase-3 (MMP-13), stromelysin-1 (MMP-3), stromelysin-2 
(NflVjP- 10), and stromeIysin-3 (MMP-11) and MMP-12. 

, The present invention still faxther relates to the combination of a compound of the 

i 

5 invention together with other modulators of chemokine receptor function such as CCR1, 
CCK2, CCR2A, CCR2B, CCR3, CCR4, CCRS, CCR6, CCR7, CCR8, CCR9, CCR10 and 
CCRill (for the C-C family); CXCR1, CXCR3, CXCR4 and CXCR5 (for the C-X-C family) 
and CX 3 CR 1 for the C-X3-C family. 

J The present invention still further relates to the combination of a compound of the 
iO invention together with antiviral agents such as Viraceptj, AZT, aciclovir and famciclovir, and 

antisepsis compounds such as Valant. 

I 

The present invention still further relates to the combination of a compound of the 

invention together with cardiovascular agents such as calcium channel blockers, lipid 

j 

lowering agentt such as statins, fibrates, beta-blockers, Ace inhibitors, Angiotensin-2 receptor 

15 antagonists and platelet aggregation inhibitors. 

The present invention still farther relates to the combination Of a compound of the 
invention together with CNS agents such as antidepressants (such as sertraline), anti- 
parkinsonian drugs (such as deprenyi, L-dopa, Requip, Mirapex, MAOB inhibitors such as 
selegine and rasagiline, comP inhibitors such as Tasmar, A-2 inhibitors, dopamine reuptake 

20 inhibitors, NMDA antagonists, Nicotine agonists. Dopamine agonists and inhibitors of 
neuijonal nitric oxide synthase), and anti-Alzheimer's drugs such as donepezil, tacrine, COX-2 

* 

itors, propentofyJline or metryfonate. 

The present invention a till further relates to the combination of a compound of the 
invention together with (i) ttyptase inhibitors; (ii) platelet activating fector (PAF) antagonists; 

* 

25 (iii)linterleukm converting enzyme (ICE) inhibitors; (iv) IMPDH inhibitors; (v) adhesion 

molecule inhibitors including VLA-4 antagonists; (vi) cathepsins; (vii) MAP kinase 

1 

inhibitors; (viii) ghicose-6 phosphate dehydrogenase inhibitors; (ix) kinin-B.subl. - and 

B.siib2, -receptor antagonists; (x) anti-gout agents, e.g^ colchicine; (xi) xanthine oxidase 

1 

inhibitors, e,g., allopurinol; (xii) uricosuric agents, e.g., probenecid, sulfinpyrazone, and 
30 benzbromarone; (xiii) growth hormone secretagogues; (xiv) transforming growth factor 

CTdFP); (*v) platelet-derived growth factor (PD<3F); (xvi) fibroblast growth factor, e.g., basic 
fibroblast growth factor (bFGF); (xvii) granulocyte macrophage colony stimulating factor 
(GJ&-CSF); (xviii) capsaicin cream; (xix) Tachykinin NJLsubl. and NK.sub3. receptor 



M * * * ■ * * » - r ' ■ * « ■ ■ ■ m m m m. w \ - ■ , _ m _ ^ v _ m 9 



I 
J 



I 



21. JAN. 2004 16:08 GLOBAL IP PATENTS 1 N0 . 4832 P. 21 




-18- 

antagonists selected from toe group consisting of NKP-608C; SB-233412 (talnetant); and D- 
441$ (xx) elastase inhibitors selected from the group consisting of UT-77 and ZD-0892; (xxi) 
TORS converting enzyme inhibitors (TACE); (xxii) induced nitric oxide synthase inhibitors 
(iNOS) or (xxiii) chemoattractam receptor-homologous molecule expressed on TH2 cells, 
5 (CRTH2 antagonists). 

; The compounds of the present invention may also be used in combination with 
osteoporosis agents such as roloxifene, droloxifene, lasofoxifene or fosomax and 
immunosuppressant agents such as EK-S06, rapamycin, cyclosporin^ azathioprine, and 
methotrexate;. 

10 j The compound of the invention may also be used in combination with existing 
therapeutic agents for the treatment of osteoarthritis. Suitable agents to be used in 
comjrination include standard non-steroidal anti-inflammatory agents (hereinafter NSAIDs) 
such; as piroxicam, diclofenac, propionic acids such as naproxen, flubiprofen, fenoprofen, 
ketoprofen and ibuprofen, fenamates such as mefenamic acid, indomethacin, stdindac, 

IS apazW, pyrazolones such as phenylbutazone, salicylates such as aspirin, COX-2 inhibitors 
such as celecoxib, valdecoxib, rofecoxib and etoricoxib. analgesics and intraarticular therapies 
such as corticosteroids and hyaluronic acids such as hyalgan and synvisc and P2X7 receptor 
antagonists. 



i 
I 

f 

The compounds of the invention can also be used in combination with existing 



20 therapeutic agents for the treatment of cancer. Suitable agents to be used in combination 

include: 
i 

(i) antiproliferative/antineoplastic drugs and combinations thereof, as used in medical 
oncology, such as alkylating agents (for example cis-platin, carboplatin, cyclophosphamide, 
nitrogen mustard, melphalan, chlorambucil, busulphan and nitrosoureas); antimetabolites (for 
25 example antifolates such as fluoropyrimidines like 5-fluorouracil and tegafur, raltitrexed 
methotrexate, cytostne arabinoside, hydroxyurea, gemcitabine and paclitaxel (Taxol®); 
antitumour antibiotics (for example anthracycunes like adriamycin, bleomycin, doxorubicin, 
daunomycin, ephubicin, idarubicin, roitomycin-C, dactinomycin and mithramycin)} 
antimitotic agents (for example vinca alkaloids like vincristine, vinblastine, vindesine and 
30 vinprelbine and taxoids like taxol and taxotere); and topoisomerase mMbitors (for example 
epipodophyllotoxins Jike etoposide and teiriposide, amsacrine, topotecan and camptothecin); 
(H) cytostatic agents such as antiocstrogens (for example tamoxifen, toremifene, raloxifene, 
drojoxifene and iodoxyfene), oestrogen receptor down regulators (for example fulvestraDt), 
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toti androgens (for example bicalutamide, flutamide, nilutaraide and cyproterone acetate), 
IJHRH antagonists or LHKH agonists (for example goserelin, leuprprelin and buserelin), 

progestogens (for example megestrol acetate), aroraatase inhibitors (for example as 

i 

anastrozole, letrozole, vorazole and exeuiestane) and inhibitor of 5a-ieducta$e such as 
5 finasteride; 

(iii) Agents which inhibit cancer cell invasion (for example metalloproteinase inhibitors like 
marijmasiat and inhibitors of urokinase plasminogen activator receptor function); 

(iv) inhibitors of growth factor function, for example such inhibitors include growth factor 
antibodies, growth factor receptor antibodies (for example the anti-eibb2 antibody 

10 trastjizumab [Herceptin™] and the anti-erbbl antibody cetuximab [C225]) , farn&syl 

transferase inhibitors, tyrosine kinase inhibitors and serine/threonine kinase inhibitors, for 

example inhibitors of the epidermal growth factor family (for example EGFR family tyrosine 

kinase inhibitors such as N-(3^Wcj^^fluorophenyl)-7-methoxy-(5-(3- 

morpholmopropoxy)quinazolin-4-amine (gefitinib, AZD1839), N-(3-ethynylphenyl)-6,7- 

15 bis(^-methoxyethoxy)quina2olin-4-amine (eriorinib, OSI-774) and 6-acryl ami do-N-(3-Qhlon> 
i 

4-flijiorophenyl)-7-(3-morphoUnopropoxy)qiiinazoIin^anritte (CI 1033)), for example 

! 

inhibitors of the platelet-derived growth factor family and for example inhibitors of the 
hep^tocyte growth factor family; 

(v) i ntiangiogenic agents such as those which inhibit the effects of vascular endothelial 
20 gitn rth factor, (for example the and- vascular endothelial cell growth factor antibody 

bevacizumab [Avastin^], compounds such as those disclosed in International Patent 
AsAications WO 97/22596, WO 97/30035, WO 97/32856 and WO 98/13354) and 
compounds that work by other mechanisms (for example Imomide, inhibitors of integrin 
ccvpp function and angiostatin); 
25 (vi) vascular damaging agents such as Combmtastatin A4 and compounds disclosed hi 

Inte|mational Patent Applications WO 99/02166, WO00/40529, WO 00/41669, WO01/92224, 
WCj02/04434 and WO02/08213; 

(vii| antisense therapies, for example those which are directed to the targets listed above, such 

as I&IS 2503, an anti-ras antisense; 
i 

» 

30 (viij) gene therapy approaches, including for example approaches to replace aberrant genes 
euci as aberrant p53 or aberrant BRCAl or BRCA2, GDEPT (gene-dhected enzyme pro-drug 
therjapy) approaches such as those using cytokine deaminase, thymidine kinase or a bacterial 



m 
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nitro reductase enzyme and approaches to increase patient tolerance to chemotherapy or 
radi< theiapy such as multi-drug resistance gene therapy; and 

(ix) immunotherapy approaches, including for example ex-yi vo and in-vivo approaches to 
increase the immunogenicity of patient tumour cells, such as transaction with cytokines such 
5 as injterleokin 2, iuterleukin 4 or granulocyte-macrophage colony stimulating factor, 
appij?ache$ to decrease T-cell anergy, approaches using tramfected immune cells such as 
cytotone-transfected dendritic cells, approaches using cytokine-transfected tumour cell lines 
and k>proaches using anti-idiotypic antibodies. 
Pharmacological Data 
10 LigaLd Binding Assay 

[ 1JIL-S (human, recombinant) was purchased from Amersham, U.K. with a specific activity 
of 2|0Q0Ci/mmol. All other chemicals were of analytical grade. High levels of hrCXCR2 
wen? expressed in HBK 293 cells (human embryo kidney 293 cells ECAOC No. 85120602) 
(Lee et al (1992) /- Biol Ckem. 267 ppl6283-l6291). hiCXCR2 cDNA was amplified and 
IS cion 5d from human neutrophil mRNA. The DNA was cloned into PCRScript (Stmtagene) and 
s wore identified using DNA. Hie coding sequence was sub-cloned into the eukaryotic 
jsion vector RcCMV (Invitrogen). PlasmidDNA was prepared using Quiagen Megaprep 
2500 and transfceted inio HEK 293 cells using Lipofectamine reagent (Gibco BRL). Cells of 
the jughest expressing clotie were harvested in phosphate-buffered saline containing 
20 0.2^b(w/v) ethylenediaminetetraacetic acid (EDTA) and centrifuged (200g, 5min.). The cell 
pellet was ^suspended in ice cold homogenisation buffer [lOmM HEPES (pH 7.4), ImM 
dithlothreitol, ImM EDTA and a panel of protease inhibitors (ImM phenyl methyl sulphonyl 
fluolride, 2j*g/ml soybean trypsin inhibitor, 3mM benzamidine, 0-5pg/ml leupeptin and 
10o)xg/ml bacitracin)] and the cells left to swell for 10 minutes. The cell preparation was 
25 disrupted using a hand held glass mortar/PTFE pestle homogeniser and cell membranes 
harvested by centrifugation (45 minutes, 100,000g, 4 P C), The membrane preparation was 
storpd at -70°C in homogenisation buffer supplemented with Tyrode'ssalt solution (137mM 
NaCl, 2.7mM KCI, 0.4mM NafibPO*), 0.1%(w/v) gelatin and 10%(v/v) glycerol. 

All assays were performed in a 96-well Multiscreen 0.45/xm filtration plates 
lipore, ILK). Each assay contained ~50pM [ J25 I]IL-8 and membranes (equivalent to 

■ 

-2££>,000 ceJIs) in assay buffer [Tyrode's salt solution supplemented with lOmM HEPES (pH 
7.4}|, l.SmM CaCl 2 > lmMMgCfe, 0.l25mg/ml bacitracin and 0.1%(w/v) gelatin]. Li addition, 
a compound of formula (T) according to the Examples was pre-dissolved in DMSO and added 
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to re^ch a final concentration of 1 %(v/v) DMSO. The assay was initiated with the addition of 

i 

membranes and after 1,5 hours at toom temperature the membranes were harvested by 

filtr ajtion using a Millipore MulriScreen vacuum manifold and washed twice with assay buffer 

(without bacitracin). The backing plate was removed from the Multiscreen plate assembly, 

i 

5 the filters dried at room temperature, punched out and then counted cm a Cobra gamma- 
counter. 

The Lompounds of formula (I) according to the Examples 1-2 were found to have pIQo 

values of greater than (>) 5.0. 

> 

Intracellular Calcium Mobilisation Assay 
10 Hunjan neutrophils were prepared from EDTA-treated peripheral blood, as previously 
described (Baly et al (1997) Methods in Enzymology 287 pp70-72X in storage buffer 
[Tyrbde's salt solution (137mM Nad, 2,7mM KGl> 0.4mM NaffcPOa) supplemented with 
5.7n iM glucose and lOmM HEPES (pH 7.4)]. 

The chemokine GROS (human, recombinant) was purchased from R&D Systems 
IS (Abingdon, U.K.). All other chemicals were of analytical grade. Changes in intracellular free 
calcium were measured fluororaetricaliy by loading neutrophils with the calcium sensitive 
fluorescent dye, fluo-3, as described previously (Merritt et aL (1990) Biochem. J, 269, pp513- 
519^ Cells were loaded for 1 hour at 37°C in loading buffer (storage buffer with 0.1%(w/v) 
gelatin) containing 5fiM fluo-3 AM ester* washed with loading buffer and then resuspended in 
20 Tyrode f s salt solution supplemented with 5.7tnM glucose, 0.1%(w/v) bovine serum albumin 
(BSA), L8mM CaCl a and IrnM MgCI 2 . The cells were pipetted into black walled, clear 
bottpm, 96 well micro plates (Costar T Boston, U.S.A.) and centrifuged (200g, 5 minutes, room 
temperature). 

A compound of formula (I) according to the Examples was pre-dissolved in 
25 DMjso and added to a final concentration of 0.1%(v/v) DMSO. Assays were initiated by the 
addition of an A50 concentration of GROS and the transient increase in fluo-3 fluorescence 

(S B j=490nm and 6em = 520nm) monitored using a FUPR (Fluorometric Imaging Plate 
Reader, Molecular Devices, Sunnyvale, UJS.A.). 

I The compounds of formula (I) according to the Examples were tested and found to 
30 be antagonists of the CXCR2 receptor in human neutrophils. 

I The invention will now be illustrated by the following non-limiting Examples in 
whijsh, unless stated otherwise: 
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10 



15 



20 



25 



30 



4 



i 



(ji) 

I 

(Hi) 



4 



v) 



jv) 



when given Nuclear Magnetic Resonance (NMR) spectra we're measured on a 
Variaii Unity Liova 300 or 400 MHz spectrometer. l K NMR data is quoted in the 
form of delta values for major diagnostic protons, given in parts per million (ppm) 
relative to tetramethylsilane CTMS) as an internal standard. 

Mass Spectrometry (MS) spectra were measured on a Finnigan Mat SSQ7000 Or 
Micromass Platform spectrometer. 

the title and sub-titled compounds of the Examples and methods were named using 
the ACD/Name program (version 4.55) from Advanced Chemical Development 
Inc. Canada. 

Normal phase column chromatography and normal phase HPLC was conducted 
using a silica column. Reverse phase High Pressure Liquid Chromatography 
(HPLC) purification was performed using either a Waters Micromass LCZ with a 
Waters 600 pump controller, Waters 2487 detector and Gilson FC024 fraction 
collector or a Waters Delta Prep 4000 or a Oilson Auto Purification System, using 
a Symmetry, NovaPak or Ex-Terra reverse phase silica column. 
The following abbreviations are used: 
AcOH acedc acid 



CHC1 3 

DCM 

DMF 

DMSO 

Et z O 

EtOAc 

MgS0 4 
NMP 
THF 
H 2 Q 



» 



chloroform 
dichloromethane 
Z^iV-dimethylfonnairiJde 
dimethylsuifoxide 
diethyl ether 
ethyl acetate 

magnesium sulfate 

1 -methylpyrroli din-2-one 

tetrahydrofuran 

water 
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ExaAmle 1 

iV-[4|.[[(2>dSnuoro^^ 



EH, 




A mixture of methane sulphonamidc (0.17 g), tri&(dibenzyUdeneacetone)dipalladium 
(0) (fL3 mg)» (9*9-dimechyl-9H-xantftene^,5^yl)bis[^^ (8 mg) and cesium 

carbpnate were stirred under a nitrogen atmospbere for 5 minutes, A solution of 2-[[4-chloro- 
6-[[iJ2 f 3-difluoraphenyl)met^^ (0.5 g)in 

anhydrous 1,4-dioxane (5 ml) was added to the above mixture and the reaction was heated to 

10 reflux in a pre-heated heat on block for 25 minutes. The reaction mixture was allowed to cool 

" | 

to aijnbient temperature, diluted with IN aqueous hydrochloric: acid solution and extracted 
wittf ethyl acetate (x3). The combined organic layers were dried with magnesium sulfate, 
filtered and evaporated The residue was purified by column chromatography on silica using 
a 9S('l to 98:2 mixture of methylene chloride and methanol as eluent. The resulting solid was 
15 further purified by reverse phase HPLC using a 95:5 to 5:95 mixture of 0.2% aqueous 
ammonium acetate solution and acetonitrile as eluent to give the title compound as a white 
solid (0.3 g). 

NMR Spectrum : (CD3OD) 121 (m, 3H), 3.33 (m, 3H), 3.58 (m, 2H), 4.19 (m, 1H), 4.56 (m, 

2H)| 7.16 (m, 2H), 7.38 (m, LH); 
1 

20 Mads Spectrum: M+H* 406: 

Elemental Analysis: Pound C, 40.05; H, 4.80; N, 16.48; C14H17P2N5O3S2.IHZO requires C, 
39/}l;H, 4.52; N, 16.54%, 

I The2-[[4K5hloro^I[(23'dinuofophenyl)mefliyl]thio]-l,3^-tri 



25 



1-pijopanol used as a starting material was prepared as follows :- 



i) (i^-difluoropheny^methanethioL 



in e 



Thiourea (6.7 g) was added to a stirred solution pf 2,3-difluorobenzylbromide (18,3 g), 
hanoi (300 ml). The reaction mixture was heated at reflux for 2.5 hours and then 



evaporated, treated with 2N sodium hydroxide solution (440 ml) and heated ar reflux for a 
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further 4 houts and left storing at ambient temperature overnight The resulting mixture was 
ice-cooled, acidified to pH 6 using concentrated aqueous hydrochloric acid solution and then 
e*tra|cted with diethyl ether. The organic layer was separated, washed with water, dried over 
anhydrous magnesium sulphate, filtered and evaporated to give (2,3- 

ropbenyl)methanethiol (8.0 g). NMR Snacirum .' (CDCh) 1.90 (t. 1H). 3.78 (d. 2rD. 



7.06 



(m, 3H). 



•O^tt^cWoro^-tf&S-difliwrophen^^^^ 



propanol 



10 



To an ice-bath cooled solution of cyanuric chloride (3.0 g) and diisopropylethlamine 
(3 . 1 {ml) in anhydrous tetrahydrofuran ( 1 00 ml) was added a solution of (2,3- 
difli|orophenyl)methanethiol (2.6 g) dropwise over 30 minutes. The reaction mixture was 
stirred at 0°C under a nitrogen atmosphere for 40 minutes. Further diisopropylethlamine (3.1 
ml) Was added, followed by a solution of R-(D)-alaninol (1.2 g) in anhydrous tetrahydrofuran 
15 (20 ml) dropwise over 5 minutes. The resulting reaction mixture was stirred at 0°C under a 
nitrogen atmosphere for 55 minutes. The mixture was diluted with brine and extracted with 
ethyl acetate (x2). The combined organic layers were dried with magnesium sulfate, filtered 
and Evaporated. The residue was purified by column chromatography on silica using a 90:10 
to 70:30 to 60:40 mixture of iso-hexane and etbylacetate as eluent to give 2-[[4-chloro-6- 
20. ii(2j3-difluorophenyI)memyl]^ l-propanol as a white solid 

(5.1 g). 

NMR Spectrum: (DMSO) 1.16 (m, 3H), 3.37 (m, 2H), 4.02 (m, 1H), 4.43 (m, 2H), 4.76 (m, 
lH)j 7.16 (m, 1H), 7.38 (m, 2H), 8.49 (t, 1H); 
Mass Spectrum : M+H* 347/349 



25 



Example 2 

i 

tf-(ftt(2,3^ffluorophen^melhyIJtM^ 
triafem-2.yi> l-azetidinesulf onamide 



! 



3 CH fl 
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Prepared using the same procedure as for the title compound in example 1; from 2-[[4- 
<Alo^o-6-[[(2,3-difluorophOTyl^ 

i 

and azetadine-1 -sulfonamide (0.25g) to give the title compound as a white solid (120 mg). 
NMR Spectrum : (CD 3 OD) 1.18 (m, 3H), 2. 17 (quintet, 2H), 3.55 (m, 2H),4.06 (t, 4H), 4,16 
5 (m, }H), 4,43 (m, 2H), 7.12 (m, 2R>, 7.37 <rn, 1H); 
Mass Spectrum : M+ET 447; 

Elenlsntal Analysis: Found C, 42.52; H, 4.86*. N, 17.68; Ci<#^2N 6 O3$ : >.0,3IizO. 0.3AcOH 



requires C, 42.43; H, 4.68; N, 17.88%. 



10 
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CLAIMS 



5 



1. i A compound of formula (1), ox a pharmaceutical^ acceptable salt, solvate or In 
hydrj>lysable ester thereof: 



vivo 



I 

f 



NR 2 R 3 



15 subs 



Hx If N ^ Y- Ri 

H _ 

whejein Yis selected from a bond, -S-, -0-, -NR 3 -, -CF 2 -CH 2 -, -CF 2 CF 2 -, -CONR 5 -, 
10 phenyl or hetejoaryl. 

whejein R 1 is a group selected from C 3 .7carbocyclyl, C,. g alkyl, CWdkeny] and C 2 .sa]kynyl; 
wherein the group is optionally substituted by 1, 2 or 3 substituents independently selected 
fronj fluoro, nitrite, -OR 4 , -NR 5 R 6 , -CONR 5 R 6 , -COOR 7 . -NR 8 COR 9 , -SR 10 , -SO* 10 , 
-SOi NR^ 6 , -NR^OjR 9 , phenyl or beteroaryl; wherein phenyl and heteroaryi are optionally. 

stituted by 1, 2 or 3 substituents independently selected from halo, cyano, nitre, -OR 4 , - 
Nidi*, -CONRV, -COOR 7 , -NR*COR 9 , -SR i0 -SO* 10 , -SOzNRV, -NR^O*', 
Cj-calkyl and trifluoromethyl; 

wherein R 2 is C^carbocyclyl, optionally substituted by 1, 2 or 3 substituents independently 
selected from: 

20 (a) I fluoro, -OR 4 , -NR'R 6 -CONR^, -COOR 7 , -NR B COR 9 , -SR 10 , -SO2R 10 , -^NR'R* 
-NRfSOaR 9 ; 

(b) I a 3-8 membered ring optionally containing 1, 2 or 3 atoms selected from O, S, -NR 8 
and jwhereby the ring is optionally substituted by C^alkyl or fluoro; or 

(c) phenyl or heteroaryj, each of which is optionally substituted by 1 > 2 or 3 substituents 
25 independently selected from halo, cyano, nitro. -OR 4 , -NR^R 6 , -CONR*R 6 , -NR 8 COR 9 , - 

SO^R 6 , -NR 8 S02R 9 , C^alkyi and trifluoromethyl; 

or R 2 is a group selected from C ,-salkyi, C^alkenyl or C^alkynyl wherein the group is 
substituted by 1, 2 or 3 substituents independently selected from hydroxy, amino, CusaDcoxy. 
C^aUcylamino, di<C M alkyl)ammo, N-^^lkyiyfir -(phenyl)airono, A^C^attyfcarbamoyl, 



! 
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W^-ditC^alkylJcaibambyl, N-CC^-calkyD-iV^phenyDcafbamoyl, carboxy, phenoxycarbonyl, 
-NRfcOR 9 , -SO?R 10 . -S02NR s R 6 aDd-NR B S03R*; 
whei^in R 3 is hydrogen or independently R ; 

R 4 Is hydrogen or a group selected from Chalky! and phenyl, wherein the group is optionally 
5 substituted by 1 or 2 substituents independently selected from halo, phenyl, -OR n and - 
NR R 13 ; 

R 5 aid R 6 are independently hydrogen or a group selected from Chalky! and phenyl wherein 
the ioup is optionally substituted by 1, 2 or 3 substituents independently selected from halo, 
phenyl, -OR 14 ,-NR l5 R ,e , -COOR 14 , -CONR l5 R lfi . -NR 15 COR le , -SO* 10 , -SONR ls R 16 and 
10 NR'jsOzR 16 



or 



R s ajdR 6 together with the nitrogen atom to which they are attached form a 4- to 
7-m<mbeted saturated heterocyclic ring system optionally containing a further heteroatom 
selected from oxygen and nitrogen atoms, which ring is optionally substituted by 1, 2 or 3 

15 subsUents independently selected from phenyl, -OR 1 *, -COOR 14 , -NR ,5 R J6 , -CONR 15 R 16 , 
-NR 5 COR ,c , -SOaR 10 , -SONR l5 R 16 , NR^SOzR" 5 or d- 6 alkyl (optionally substituted by 1 or 
2 substituents independently selected from halo, -NR 15 R ,(> and -OR 17 groups); 
R 10 Js hydrogen or a group selected from C^alkyl or phenyl, wherein the group is optionally 
substituted by 1, 2 or 3 substituents independently selected from halo, phenyl, -OR 17 and - 

20 NR'f R 16 ; and each of R 7 , R 8 , R 9 , R n , R 12 , R 13 , R 14 R 1S , R 16 . R 17 ™ independently hydrogen, 
Ci.s^Ikyl or phenyl; 

R K ia trifluoromethyl, -NR^ 6 . phenyl, naptbyl, monocyclic or bicyclic heteroaryl wherein a 
hete oring may be partially or fully saturated and one or more ring carbon atoms may form a 
carbMiyl group, and wherein each phenyl or heteroaryl group is optionally substituted by 1, 2 
25 or 3 substituents independently selected from halo, cyano, nitro, -OR 4 , -NR^, -CONR^ 6 , 
-CoL 7 '-COOR 7 , -NR 8 COR 9 . -SR 10 , -SOjR 10 , -SO^NR^ 6 . -l^SOzR 9 , Cn;alkyl or 

j • 

trifluoromethyl;; 

or K* is a group selected from C^carbocyclyl, Ci-Balkyl, C^alkenyl and C^alxynyl whereby 
the group is optionally substituted by 1, 2 or 3 substituents independently selected from halo, 
30 -ORf , -NR 5 R fi . -CONR^R*. -COR 7 ,-COOR 7 , -NR 8 COR 9 , -SR 10 , -SOaR 10 , -SOsNR^ 6 , 

-NR 8 S02R 9 , phenyl or heteroaryl; and wherein each phenyl or heteroaryl group is optionally 
subs tituted by 1, 2 or 3 substituents independently selected from halo, cyano, nitro, -OR , - 



■ 
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NR 5 i 6 ,-CONR 5 R 6 ,-COR ;j '-COOR 7 t -NR'COR 9 , -SR Jt \ -SOaR 10 , -SOjMR^," 

-NR1S02R*, C M alkyl or trifluororaethyl; 

i 

I 

2. j A compound, or a pharmaceuticaDy acceptable salt, solvate or in vivo hydiolysable 



5 ester 



thereof according to claim 1 wherein R 2 is C^aUcyl optionally substituted by 1 or 2 

♦ 



hydroxy substituents. 



I 



3 . j A compound, pharmaceutically acceptable salt, solvate or in vivo hydrolysable ester 
then of according to claim 1 wherein R 1 is bemsyj optionally substituted by 1, 2 or 3 
10 substituents independently selected from fluoro, chloro, bromo, methoxy, methyl and 
rjifltjoromethyL 



I 



4, 



A compound, pharmaceutically acceptable salt, solvate or in vivo hydrolysable ester 



thereof wherein R is hydrogen. 



15 



5. 



A compound, pharmaceutically acceptable salt, solvate or in vivo hydrolysable ester 



thereof wherein Y is selected from a bond, -S-, and -CF2-CH2- 




6, j A compound, pharmaceutically acceptable salt, solvate or in vivo hydrolysable. ester 
20 thereof wherein R x is methyl, 1-methylimidazolyl, 1,2-dimethyKimdazOly), tfjf- 
dimethyJarrrino, azetidinyl, pyxolidinyl, morpholinyl and prperidinyL 



7. 



A compound selected from the group consisting of: 
25 tria2fin-.2-yl]-methanesulfonamtde; and 

txia2in-2-yl]-l-azetidinesulfonamide 

pharmaceutically acceptable salt, solvate or in vivo hydrolysable ester thereof. 



or a 



30 8. 



A compound, or a pharm$£etirically acceptable salt, solvate or in vivo hydrolysable 



ester thereof according to any one of claims 1 to 7 for use as a medicament. 
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9. ! A compound, or a phannaceutically acceptable salt, solvate or in vivo hydrotysahle 



ester 



thereof according to any one of claims 1 to 7 for use as a medicament for the treatment 
of aslhroa, allergic rhinitis, COPD, infJwnnoatoty bowel disease, osteoarthritis, osteoporosis, 

rheumatoid arthritis, or psoriasis.. 

.i 

I 

10. I A compound* or a phannaceutically acceptable salt, solvate or in vrw hydnolysabJe 
ester! thereof according to any one of claims 1-7, for use as a medicament for the treatment of 

» 

i 

cancer. 



10 11. 



20 



The use of a compound, or a pharmaceutical acceptable salt, solvate or in vivo 



hydrplysable ester thereof, according to any one of claims 1 to 7 in the manufacture of a 
medicament for the treatment of human diseases or conditions in which modulation of 
chefljiokine receptor activity is beneficial. 



I 



15 12. 



The use of a compound, or a pharmaceutical^ acceptable salt, solvate or in vivo 

* 

hydipiysable ester thereof, according to any one of claims 1 to 7 in the manufacture of a 
medicament for the treatment of asthma, allergic rhinitis, COPD, inflammatory bowel 
dise ise, irritable bowel syndrome, osteoarthritis, osteoporosis, rheumatoid arthritis, or 
psorjasis. 

■ 

13 . | The use of a compound, or a pharmaceutical^ acceptable salt, solvate or in vivo 
hydjolysable ester thereof, according to any one of claims 1 to 7 in the manufacture of a 
medicament for the treatment of cancer. 



25 14. 



A pharmaceutical composition comprising a compound, or a pharmaceutical^ 
acceptable salt, solvate or in vivo hydrolysable ester thereof according to any on& of claims 1 
to 7t and a pharmaceutically-acceptable diluent or carrier. 



15. 1 A process for the preparation of a compound according to claim 1 or a 
30 pharmaceutical^ acceptable sale, solvate or in vivo hydrolysable ester thereof, which 
comprises the steps of: 
treating a compound of formula (2): 



! 
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CI 



NR 2 R 

j6l 



R 1 



(2) 



wherein Y, R , R and R 9 are as defined in formula (1) with a sulfonamide of formula 
R*S0 2 NHi ! where R* is as defined in formula (1); 
and (Optionally thereafter, one or more of steps (i), (ii), (iii), <iv), or (v) in any orden 
i) removing any protecting groups; 



ii) converting the compound of formula (1) into a further compound of formula (1) 

iii) fanning a salt 
10 iv) forming a prodrug 

v)foUng an In vivo hydrolysable ester. 

16. A combination therapy which comprises administering a compound of formula (1) 
a pharmaceutical^ acceptable salt, solvate or in vivo hydrolysable ester thereof, or a 
15 pharmaceutical composition or formulation comprising a compound of formula (1), 



or 



con 



cfurrently 



or sequentially with other therapy and/or another pharmaceutical agent 



17. I A combination therapy as claimed in claim 16 for the treatment of asthma, allergic 
rhinitis, COFD, inflammatory bowel disease, irritable bowel syndrome, osteoarthritis, 
20 osteoporosis, rheumatoid arthritis, or psoriasis. 



IS. 



A combination therapy as claimed in claim 16 for the treatment of cancer. 



19. A pharmaceutical composition which comprises a compound of formula ( 1) or a 

25 phajjmaceuticaUy acceptable salt, solvate or in vivo hydrolysable ester thereof, in conjunction 

witii another pharmaceutical agent. 
I 

■ 

I 

20. I A pharmaceutical compositon as claimed in claim 19 for the treatment of asthma, 
aUejgic rhinitis, COFD, inflammatory bowel disease, irritable bowel syndrome, osteoarthritis, 

30 osteoporosis, rheumatoid arthritis, or psorJasis. 
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A pharmaceutical composition as claimed in claim 19 for the treatment of cancer. 
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